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Abstract 
 
Origin-Destination (O-D) matrix is the main input which present traveling patern in a certain region plan. 
One of effective and economist method to define O-D matrix is estimation method based on traffic flow data 
which is included in Non-Convensional Methods. One of things that influences the accuracy level in 
estimation O-D matrix from traffic count data is traffic count location and number of traffic count. The 
objective of this study is to find some best locations or links that will be used as base to decide the location of 
traffic count survey and collecting data. The other findings is to know how many numbers of traffic count 
data that will be the optimum number to produce O-D matrix. 
 
Travel pattern behavior is represented by combined model gravity-multinomial logit-equilibrium assignment. 
This model is described as functions of some parameters which estimated using least square estimation 
method. We try to calibrate the unknown parameters of the combined model so that to minimize the 
deviations between traffic flows estimated and the observed flow.     
 
Keywords: combined model, optimum location, optimum number of traffic count 
 
1. INTRUDUCTION 
 
1.1 Background 
 
Origin-Destination Matrix is description of the movement pattern in certain periods of time 
in a certain area. There are two methods to obtain the matrix, conventional and 
unconventional. Conventional method is the most commonly used, however the method 
need high cost due to the requirement of long period observation, high accuracy in data 
analysis and large number of employers. Meanwhile, the unconventional method is another 
method in obtaining origin-destination matrix using traffic count data that need relatively 
lower cost than the conventional method with undoubted accuracy level. 
 
Tamin (1988) declared, when an O-D matrix is assigned on to the network, a flow pattern 
is produced. From examining this flow pattern, one can identify the problems that exist in 
the network and some kind of solution may be devised. An O-D matrix gives a very good 
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indication of travel demand, and therefore, it plays a very important role in various types of 
transport studies, transport planning and management task.   
The traffic flow is important information as a main data in estimation process of Origin-
Destination Matrices. The advantages that found by using traffic flows data are derived 
from low cost, less time and traffic counts data are routinely collected by many planning 
bodies and authorities which makes easily available and the evolution can be followed. 
 
In process to estimate origin–destination matrices, we have to concern that although traffic 
counts are very attractive to use as a database in estimating O-D matrices, there are still 
some problems associated with their use. 
 
 Inter-dependence, the flows of traffic movement in a certainly link, basically, are 
the accumulations or total number of flows from the other links that come in to that 
links. In principle, usually we need counts only some independent counts in some 
links or locations in order to find the information of flows of all links. Therefore, 
from an economic point of view and the principle of flows, some efforts are needed 
in choosing the appropriate links or location to be counted.   
 
Figure 1 shows that flows on link 5–6 are the summation of flows on link 1–5 and on 
link 2–5, then there is no additional information can be extracted by counting flows 
on link 5–6 because of the flow continuity condition, V56= V15 + V25. 
 
 
 
 
 
 
 
 
 
 
Figure 1 A simple network with link counts (Source: Tamin, 2000) 
 
In principle, we need counts for only 3 (three) independent counts in order to find the 
flows of all links in figure 1. Therefore, from an economic point of view, some 
efforts are needed in choosing the appropriate links to be counted (Tamin, 2000). 
 
 Inconsistency, in practice, the problem of inconsistency in link counts may arise 
when the observed volume does not satisfy the flow continuity conditions. This 
inconsistency in counts may arise due to human or machine counting errors and 
counting at different time or dates. As a result of all this, no solution for the O-D 
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matrix can be estimated that reproduces all this inconsistent traffic count. One 
possible way to remove this problem is by choosing only independent links for 
counted. 
 
 In practice, the problem of inconsistency in link counts may arise when the flow 
continuity conditions are not satisfied by the observed volumes. In the case of figure 
1, it may well happen that the observed flows are such that: 
 
 V56 V15 + V25   (1) 
or 
 V15  + V25 V63 + V64    (2) 
 
This inconsistency in counts may arise due to human or counting errors and counting 
at different times or dates. As a result of all this, no solution for the OD matrix can 
be estimated that reproduces all these inconsistent traffic counts. One possible way 
to remove this problem is by choosing only independent links for counted (Tamin, 
2000). 
 
It is mentioned that the unconventional method uses traffic count information as the main 
input for estimating the OD matrices. Because of that, any process regarding the traffic 
counts should be clearly and deeply understood in order to obtain the best estimates of OD 
matrices; especially those which are related to data collection process e.g. number of traffic 
counts and their best locations. The data collection process is very important since it is the 
first action in the whole process of OD matrix estimation. 
 
1.2 Objectives 
 
This study has two main expected finding and result that can be used to increasing accuracy 
level and to make the process of estimation O-D matrix easier and more economic. The first 
expected finding of this study is to develop techniques for calibrating the combined trip 
distribution, mode choice and trip assignment models from traffic volumes to obtain the O-
D matrix. 
 
The other expected finding is to know how many numbers of traffic count data that will be 
the optimum number to produce O-D matrix and to find some best locations or links that 
will be used as base to decide the location of traffic count survey and collecting data. In this 
case, the optimum number of traffic count data is a minimum number of set data that can 
give much information of traffic flow and can produced high level of accuracy of O-D 
matrix. 
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2. ORIGIN-DESTINATION (O-D) MATRIX ESTIMATION 
 
Origin-Destination (O-D) Matrix is a fundamental information obviously required by most 
of techniques and methods for solving the transportation problems as well as by many 
urban and regional transport planning policies. The conventional methods to obtain the O-
D matrix require very large surveys such as home and roadside interviews which are very 
expensive, labor intensive, lengthy, time disruptive to trip makers, and also subject to large 
errors. The need for inexpensive methods, which require low-cost data, less time and less 
manpower, generally called as unconventional method is therefore obvious due to time and 
money constraint. Traffic counts, the embodiment and the reflection of the O-D matrix, 
provide direct information about the sum of all O-D pairs which use those links. 
 
The Transport Demand Model Estimation (TDME) approach assumes that the travel 
pattern behaviour is well represented by a certain general transport model, eg. a gravity or 
gravity-opportunity model. Once, the parameters of the postulated transport demand 
models have been calibrated, they may be used not only for the estimation of the current 
O-D matrix, but also for predictive purposes. The latter requires the use of future values for 
the planning variables. 
 
Consider a study area which is divided into N zones, each of which is represented by a 
centroid. All of these zones are inter-connected by a road network which consists of series of 
links and nodes. Furthermore, the O-D matrix for this study area consists of N² cells. [N²-N] 
cells if intra-zonal trips can be disregarded. The most important stage for this transport model 
estimation based on traffic counts is to identify the paths followed by the trips from each 
origin to each destination.  
 
The variable lkidp  is used to define the proportion of trips by mode m from zone i to zone d 
travelling through link l. Thus, the flow on each link is a result of:  
  trips by mode m from zone i to zone d ( kidT ), and  
 the proportion of trips by mode m from zone i to zone d whose trips use link l which is 
defined by lkidp  (0
lk
idp 1). 
The flow ( klV ) in a particular link l is the summation of the contributions of all trips by mode 
m between zones to that link. Mathematically, it can be expressed as follows:  
 
i d
lk
id
k
id
k
l pTV                                                   (3) 
Given all the lkidp  and all the observed traffic counts (
m
lV ), then there will be N² unknown 
k
idT ’s to be estimated from a set of L simultaneous linear equations (1) where L is the total 
number of traffic (passenger) counts. In principle, N² independent and consistent traffic counts 
are required in order to determine uniquely the O-D matrix kidT . (N²-N) if intra-zonal trips can 
be disregarded. In practice, the number of observed traffic counts is much less than the 
number of unknowns kidT 's. Therefore, it is impossible to determine uniquely the solution. In 
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general, it can be said that there will be more than one O-D matrix, which will satisfy the 
traffic counts. One possible way to overcome this problem is to restrict the number of possible 
solutions by modelling the trip making behaviour. (Tamin, 2000).  
 
3. COMBINED TRIP DISTRIBUTION-MODE CHOICE (TDMC) MODEL 
 
For the purpose of public transport demand estimation, this idea can be extended to the 
development of a practical estimation approach to calibrate the combined trip distribution and 
modal choice (TDMC) model using traffic (passenger) counts and other simple zonal 
planning data. This approach assumes that either trip distribution or modal choice models are 
represented by certain model forms.  
 
As usual, the traffic (passenger) counts are expressed as a function of the TDMC model. In 
this case, the TDMC model is represented a function of a model form and relevant 
parameters. The parameters of the postulated model are then estimated, so that the errors 
between the estimated and observed traffic (passenger) counts are minimized. 
 
If we using Gravity (GR) model as a trip distribution model and Multi-Nomial Logit (MNL) 
model as a modal choice model, it can be expressed as: 
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4 RESEARCH STAGE 
 
To achieve the objectives outline in the preceding section, the research is divided into 
distinct stages (see figure 2). Seeking the best location and optimum number of traffic 
count, some criteria that described below should be deeply considered. These factors are: 
Inter-dependence, Inconsistency, Proportion of flows in a link, and the other important 
criteria. Therefore, this proportion factor of route choice is very useful to calculate the 
number of flows of vehicle or traffic in a certain links or route. In this case, a link that has 
a bigger number of proportions of flows between zones will has more information about 
flows than the other one that smaller or equal to zero. in finding the best location, beside 
use the above factors, we must considering the other criteria or factors that can influence, 
especially by looking some aspects and condition of that location or links. 
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Figure 2 Calibration Process
5. MODEL VERIFICATION  
 
Model have been tested in simple and complex network, which consists of 6 zones and 12 
zones and considers 30 and 535 links to be selected for the best location of traffic counts. 
 (See Figure 3 and figure 4). 
 
 
 
Figure 3 Simple Network System  
 
 
 
Figure 4 Complex Network System (a part of Bandung Network System) 
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The convergence of ( ) and ( ) value is depend on starting value of ( ) and ( ). If the value 
is far from solution, it need iteration more to achieve convergen level. Figure 5 show the 
relationship between the number of iteration and the value of ( ) and ( ). If we put ( ) = 
0,05 and ( ) 0,015 as starting value, it can achieve convergen level at 26
t
 iteration. If we 
put ( ) = 0,06 and ( ) 0,02as starting value, it can achieve convergen level at 44
th
 iteration. 
Finally, if the starting value for ( ) = 0,03 and ( ) 0,001 , it can achieve convergen level at 
58
th
 iteration. The other finding is at any starting value of ( ) and ( ), it must be result the 
solution, so the model is good. 
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Figure 5 The value of  in each iteration with any starting value of ( ) and ( )  
 
6. OPTIMUM NUMBER AND LOCATION OF TRAFFIC COUNTS 
 
 
Figure 6 The relationship of number of traffic count – accuracy level (R2) with random 
and sorted method  
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The optimum number of traffic count can be determined by analysing the relationship 
between number of traffic counts and the level of accuracy of the estimated OD matrix 
based on that counts. The level of accuracy of the estimated matrices will be determined by 
comparing those matrices with the initial matrix (matrix estimated by using all selected 
traffic counts). This process will be conducted in 2 (two) conditions representing the 
sensitivity between the number of  traffic counts and the link rank, namely: sorted 
condition and random condition. It can be seen from those figures that the better accuracy 
of the estimated OD matrices are obtained under sorted condition rather than under random 
condition. (Figure 6) 
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Figure 7 The relationship of number of traffic count – accuracy level (R2)  
(1. Simple Network, 2. Complex Network) 
Simposium XIII FSTPT, Universitas Sugiyo Pranoto Semarang, 9-10 Oktober 2010 
 10 
 
It can be seen from figures 7 (1) that the use of 4 links has relatively the same accuracy 
with the use of 12 links for both conditions (sorted and random). It can be concluded here 
that the optimum number of traffic counts is 4 links (33% of 12 selected links or 10% of 30 
available links). Figure 7 (2) show that the optimum number of traffic counts is 10 links 
(14% of 71 selected links or 2% of 535 available links). 
 
7. CONCLUSION AND RECOMENDATION 
 
Several conclusions can be written as follows: 
 The objective of this research are to estimate parameter in combined TDMC model 
and to identify the best location of links for counted and the optimum number of 
traffic counts required to estimate the high accuracy OD matrices. 
 The convergence of ( ) and ( ) value is depend on starting value of ( ) and ( ). If the 
value is far from solution, it need iteration more to achieve convergen level. The 
other finding is at any starting value of ( ) and ( ), it must be result the solution, so 
the model is good. 
 The selection process consider 3 (three) main factors: (a) trip proportion of trip 
interchanges which will use a particular link, (b) the inter-link relationship which 
consider the interdependence and the inconsistency condition, and (c) the physical 
link condition of each selected link. 
 It can be concluded that the optimum number of traffic counts is 4 links (33% of 12 
selected links or 10% of 30 available links) for simple network and 10 links (14% of 
71 selected links or 2% of 535 available links) for complex network. It can also be 
concluded that the better accuracy of the estimated OD matrices are obtained under 
sorted condition rather than under random condition. 
 It can be concluded that the estimated OD matrices obtained from traffic counts taken 
from the unselected links are far from the required accuracy (it can be seen from the 
low value of R
2
). It can be finally proven that the selection process of links to be used 
for traffic counts is very useful to increase the accuracy of the estimated OD 
matrices. 
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